Wei et al.: Dynamics of vegetation coverage and responding to climate change in China-South Asia-Southeast Asia during 1982 Abstract. The NASA global inventory modeling and mapping studies released one year and a half month maximum synthetic of global dat, based on which the authors analyzed data originated from the Chinese meteorological data sharing service science and data pertaining to northwest air temperature and precipitation, climate, month and year value data sets, etc throughout the period of 1982 to 2013. The Normalized Difference Vegetation Index (NDVI) was analyzed in terms of vegetation spatial analysis, using linear regression analysis, standard deviation, the Hurst index, and the partial correlation analysis methods. The results showed that from 1982 to 2013, the overall NDVI in China, South Asia, and Southeast Asia had an increasing trend.
Introduction
Vegetation is connected to the atmosphere, water, and soil, comprising the core of the land surface in the earth's ecosystem. Since photosyntheses is related to the degree of vegetation coverage, changes in vegetation coverage exert a significant goal impact, as they influence the properties of the land surface, soil and water conservation, climate regulation, and overall stability of the ecosystem (Meyer et al., 1992; Sun et al., 1998) .
Within the interaction between the earth spheres, the hydrological processes and the soilvegetation-atmosphere interactions and on global and regional climate and ecosystem of their feedback is the most basic frontier issue (Cao et al., 2011; Chang et al., 2011) . Therefore, climate and vegetation share an inseparable relation, manifested mainly in two aspects: vegetation adaptability to climate and vegetation feedback effect on climate (Fung et al., 2000; Chen et al., 2015) . Changes in vegetation influence the properties of soil surface such as moisture, which in turn will affect regional climate (Justice et al., 1986; Zhang et al., 2003) . On the other hand, climate changes affect vegetation's growth; thus, the climate is the main factor influencing the distribution of the biological community, and its changes alter the structure of vegetation communities, composition, and biomass, thus shaping the forest ecological system and simultaneously decreasing biological diversity (Zhang et al., 2001; Cui et al., 2009 ). The Normalized Difference Vegetation Index (NDVI) characterizes surface vegetation and is sensitive to measure vegetations' growth parameters, thus comprising an effective index for quantitative characterization of vegetation growth (Yang et al., 2004; Yaşar et al., 2018) . As such, the NDVI has been widely used in several areas such as agriculture, ecology, and environment. Recently, the association between NDVI and climate response has been studied by researchers of different areas (Zhang et al., 2007; Mr et al., 2017) .
President Xi Jinping brought up the "One Belt And One Road" to promote close cooperation among different countries, including hazard-prone areas, such as China, South Asia, and Southeast Asia where natural disasters occur most frequently. Investigating the ecological environment of these countries may improve the prevention of regional disasters and the capacity to mitigate their effects. Additionally, it may improve the accuracy of climate change research in other areas, thus promoting the "One Belt And One Road" for an improved cooperation between countries (Wagner et al., 2014; Lu et al., 2016).
Materials and Methods

Study Area
The geographical scope of this research (Figure 1) , followed the "One Belt And One Road" strategy, including China's south and southeast bordering countries, as follows: South Asia, including Afghanistan, Bangladesh, Bhutan, India, Nepal, and Pakistan; and Southeast Asia area including Cambodia, Laos, Myanmar, Thailand, and Vietnam (Wang et al., 2008) .
Data sources
The GIMMS NDVI3g dataset was downloaded from the NOAA-Advanced Very High Resolution Radiometer (AVHRR) for the period from 1982 to 2013. GIMMS NDVI3g (http:// data.cma.cn/) has a spatial resolution of 1/12° and a temporal resolution of 15 days (Fensholt and Proud, 2012; Guay et al., 2014) . The GIMMS NDVI3g dataset has been optimized to minimize the effects of the differences in sensor design between the http://www. 
Research methods
Linear regression analysis was performed for vegetation, precipitation, and air temperature, along the factor time . That is, the linear regression coefficient a of vegetation NDVI and climate factor y over time t, as shown in formula (3).
Sen+Mann-Kendall: The trends of changes in the spatial characteristics of vegetation were analyzed using the Sen method and tested using the Mann-Kendall method. These methods can avoid loss of data, outliers' interference, and influence of the data distribution patterns on the analysis results . The Sen trend was calculated using data pertaining to the NDVI from 1982 to 2013, according to the following formula:
where x , x --time series data. ρ < 0 shows a downward trend, whereas the reverse shows an upward trend. The Mann-Kendall method was used to test whether the trend was significant. The Mann-Kendall test (MK test) is one of the most commonly used time series trend test methods and does not require the sample to follow a certain distribution and is suitable for non-normally distributed data. The method is based in the following formulas: where: Q -test statistic; Z -normalized test statistic; x , x -time series data; n -sample number; when n ≥ 8, Q is approximately positive distribution, the mean and variance are calculated as follows:
After standardization, Z is the standard distribution, if | | > 1− /2 , then it is significant trend change. 1− /2 is the corresponding value for the standard positive distribution table at the confidence level a. In this paper, the confidence level is 0.05, and the degree of freedom is 25-2=23. Standard Deviation Analysis: The standard deviation indicates the distance of the data variable from the mean, which reflects the discrete degree of a data set. The larger the value is, the farther the NDVI distance is, the greater the vegetation change . The formula as follow:
(Eq.10)
According to the standard deviation value of 5 grades of vegetation change intensity: High (Si≤2.00), high (2.00≤ Si <4.00), medium (4.00≤ Si <6.00), lower (6.00≤ Si <8.00), and low (8.00≤ Si <10.00). The spatial characteristics of vegetation cover fluctuation in the region for many years.
Hurst index: Time series with long-term dependence in nature are ubiquitous. Hurst index is one of the effective methods to quantitatively describe the long-term dependency of time series information. The calculation principle is as follows:
For any positive integer τ ≥ 1, define the mean sequence {ξ (t)}
Accumulation deviation: 
Consider the ratio R (τ)/S (τ). If there is R / S∝τH, then the time series {ξ (t)} exist Hurst phenomenon, H called Hurst index. In the double logarithmic coordinate system (lnτ, lnR / S) with the least squares fitting.
1) If 0.5 <H <1, it indicates that time series of NDVI as long-term positive correlation.
2) If H = 0.5, the time series of NDVI are independent random sequences. 3) If 0 < H < 0.5, the time series data of NDVI have anti-persistence, and the sequence has abrupt jump characteristics. H value closer to 0, the stronger the anti-persistence; closer to 1, the more positive continuity.
Results
Interannual change of NDVI in the area
Using the values of NDVI corresponding to the period between 1982 and 2013, analysis of regional mean annual variation characteristics, provided the annual NDVI variation characteristics graph below (Figure 2 ): From Figure 3 , the interannual variation of the NDVI regional average in Southeast Asia is the same as that in South Asia. Among them, the growth trend appeared in the 1980s. Also fluctuating in the 1990s, during which low values occurred in 1993 and high values appeared in 1994. After 2000, there is a growing trend.
Figure 3. Annual variation characteristics of NDVI from 1982 to 2013 in Southeast Asia
From Figure 4 , between 1982 and 2013, the interannual variability of China's NDVI regional average is the same as that of South Asia and Southeast Asia. It is a growth trend in the 1980s, and it has a downward trend in the 1990s, and then it has become a growth trend. The magnitude of the change is relatively large compared to other regions. Summary, the interannual variability of NDVI in these three regions is similar, showing a growing trend in the 1980s, a downward trend in the 1990s, and a growth trend in the 2000s. In the 1990s, the interannual variation of China's NDVI regional values fluctuated significantly. These are all in sync with regional social development. In the 1990s, all regions were developing, pursuing economic development and neglecting ecological environmental protection. After the 2000s, everyone realized the importance of the ecological environment, so that they pursued economic development while also paying attention to the protection of the ecological environment. Therefore, the regional average NDVI has shown an increasing trend since the 2000s. Due to the rapid development of China, the damage to the environment was so great that there was a large fluctuation in the 1990s.
Spatial distribution of SEN trend in the study area
In the present study, the SEN method was used to analyze the spatial trends of vegetation characteristics and to test them using the Mann-Kendall method, thus determining the trend of NDVI in China, South Asia, and Southeast Asia from 1982 to 2013 ( Figure 5 ). 
Spatial distribution characteristics in different periods
The spatial trend of the NDVI in the four periods of 1982-1989, 1990-1997, 1998-2005 , and 2006-2013 was analyzed using Hurst exponent and partial correlation analysis ( Figure 6 ).
Figure 6. Multi-year mean spatial distribution of the study area
The NDVI of the eastern, southeastern and northeastern parts of China was above 0.6, whereas it was lower than 0.2 in the northwestern part of China, and higher than 0.6 in some parts of northern Xinjiang. In the Southeast Asian countries of Vietnam, Cambodia, Laos, Thailand, and Myanmar, as well as in South Asia; Nepal; Bangladesh; Bhutan; and central, eastern, and northern parts of India, the NDVI was higher than 0.6. With in South Afghanistan and Pakistan it was below 0.2, whereas in much of Afghanistan it was below 0.6.
In terms of spatial and temporal distribution, the NDVI decreased from 0.6001 to 0.8, especially in China and India. In Southeast Asia, Bhutan and Bhutan Bengal it remained unchanged. In the four studied time periods, the largest NDVI changes occurred from 2006 to 2013.
Overall, the NDVI values were mainly distributed over Southeast Asia, eastern and northeastern China, with the lowest values concentrated mainly in western South Asia and the Qinghai-Tibet Plateau of China. The spatial distribution of vegetation cover was related to its topographic distribution with a relatively high NDVI near the coast.
Spatial variability of vegetation cover change in the study area
The variation of vegetation coverage in the study area was calculated through the coefficient of variation, whereupon the interannual variability of vegetation coverage increased with an increasing coefficient of variation. For example, in the west and northwest of the study area, the topography is relatively high, as is the coefficient of variation. In the Indian Peninsula, Southeast Asia and The coefficient of variation in China's coastal areas is low. The spatial distribution of NDVI is also similar to that of the study area. The interannual variation range of NDVI is low, whereas its overall range is relatively high. Overall, the interannual variability of vegetation cover over the past 32 years was relatively low, which indicated a stable ecological change of vegetation within the study area (Figure 7) . Regarding the spatial distribution of the HURST index, most values within the study area ranged between 0.3 and 1, with most areas exhibiting a value higher than 0.5. Most regions corresponded to northwestern China and parts of the Indian Peninsula in South Asia. Overall, the main trend of vegetation cover change in this region was a normal trend, showing that the ecological vegetation coverage in the study area improved over 32 years, further indicating an improvement of the region's ecological environment.
Spatial distribution characteristics of vegetation cover change and climate response
In the present study, the correlation between vegetation cover and precipitation within the study area was analyzed, and we concluded ( Figure 9 ) that in most areas the vegetation cover was obviously correlated with precipitation, especially in South Asia and Inner Mongolia, in northern China. Only a few regions exhibited negative correlations, which were not obvious. It may therefore be concluded that the changes in vegetation cover within the research area and over the past 32 years are strongly influenced by precipitation. 
Discussion
The present study monitored vegetation growth in three regions of China, South Asia, and Southeast Asia by analyzing data pertaining to NDVI time series (Liu et al., 2015a) . Additionally, the growth status of agricultural vegetation within the study area was monitored (Zhang et al., 2013b) . The results show that large-scale agricultural vegetation monitoring can be carried out by satellite remote sensing. However, due to the constraints of NDVI data resolution and the complexity of vegetation changes, several problems remain to be clarified (Zhang et al., 2013a):
1) The GIMMS-NDVI data resolution is 8 km × 8 km, and the relationship between the agricultural vegetation-climate in China-South Asia and South-East Asia cannot be fully reflected, and the study area should be more refined by using more highresolution NDVI datasets and data from different sources. 2) Factors affecting agricultural vegetation cover include, in addition to rainfall, temperature and topography, hydrology, and soil and insect infestation, which should be taken into account in subsequent studies. Comprehensive above, study nearly 32 years of vegetation changes gradually in the study area, the ecological environment is improved, a further sign of the government and people pay more and more attention to ecological environment construction, so that the ecological vegetation restoration is more obvious.
